INTRODUCTION {#sec1-1}
============

The presence of endodontic microbiota and biofilms in inaccessible areas cause failure in the endodontic treatment.\[[@ref1]\] When nonsurgical root canal treatment fails to treat periradicular lesions of endodontic origin, surgical endodontic treatment is preferred.\[[@ref2]\] The important factor in the success of surgical endodontic treatment is to achieve a good seal between the tooth and root-end filling material.

Several root-end filling materials have been introduced such as amalgam, Cavit, composite resins, gutta-percha, intermediate restorative material (IRM), zinc oxide and eugenol cement, super ethoxy benzoic acid (EBA), mineral trioxide aggregate (MTA), biodentine, and EndoSequence.\[[@ref3]\] Marginal adaptation of retrograde materials is very important in endodontic surgery success. This property will determine whether the material is suitable for clinical use,\[[@ref4]\] so the purpose of this study was to compare the marginal adaptation of the MTA and EndoSequence.

During retrograde cavity preparation, the smear layer is formed over the cut dentinal surfaces. The smear layer contains organic, inorganic material, bacteria, and their by-products.\[[@ref5]\] It acts as a barrier between filling materials and the canal wall, thus compromising the formation of a satisfactory seal that may further lead to microleakage.\[[@ref6]\]

Various agents, such as sodium hypochlorite, ethylenediaminetetraacetic acid (EDTA), mixture of tetracycline acid detergent (MTAD), organic acids (e.g., citric acid), have been introduced for smear layer removal, regarding orthograde and retrograde root preparation.\[[@ref7]\] The alternating use of EDTA and sodium hypochlorite has been recommended for the efficient removal of the smear layer.\[[@ref8]\] However, the use of these solutions may cause periapical inflammatory reactions and reduce periapical healing. To minimize their harmful effects on periapical tissues the use of biocompatible solutions is essential.

Chitosan is a natural polysaccharide that is biocompatible, biodegradable, nontoxic, having chelating property but limited solubility.\[[@ref9]\] Carboxymethyl chitosan (CMC) has been introduced to overcome limited solubility of chitosan that is formed by carboxymethylation of chitosan.\[[@ref10]\]

Hence, in this study, chitosan and CMC solutions were used for the smear layer removal that are more biocompatible alternatives to EDTA and other chelating agents at the surgical site.

The treatment outcome is negatively affected by the failure of materials in achieving marginal adaptation and also due to the occurrence of cracks and spaces in the interface between the material and the dentin walls.\[[@ref1]\] Although there are inherent limitations in *in vitro* studies conducted in laboratories, scanning electron microscopy (SEM) has been used in this study to evaluate the marginal adaptation of root-end filling materials.\[[@ref2]\]

MATERIALS AND METHODS {#sec1-2}
=====================

Forty human single rooted teeth, free of caries, crack, or fracture, were taken. The teeth were preserved in 2% formalin before use. The crowns were decoronated to prepare a standardized 16--mm tooth length from the root apex. Cervical third of each root canal was enlarged using Gates-Glidden drills (Dentsply Maillefer, Switzerland) sizes 1 to 3. Canals were prepared using K-Files (Dentsply Maillefer, Switzerland) up to size \#40, 1 mm short of the apical foramen. During instrumentation, the root canals were irrigated with 3 mL of 3% sodium hypochlorite and saline at each change of files and dried with paper points. The root canals were obturated with standard 2% gutta-percha points coated with AH plus sealer using the conventional lateral compaction technique. Now the apical 3 mm of roots was sectioned perpendicular to the long axis of the tooth with a sectioning disc. Then, a 3-mm deep root-end cavity was prepared using no. 2 round carbide bur. The materials were prepared according to the manufacturer\'s instruction, and then the root-end cavities were filled. Based on the type of smear layer removing agent used for root-end cavities, i.e., 5 mL of 0.2% of chitosan \[Indian overseas (P) LTD, Kerala\] and CMC \[Indian overseas (P) LTD, Kerala\] and type of root-end filling material placed, i.e., MTA and EndoSequence (Brasseler, USA) samples were divided into four groups (*N* = 10), in group I chitosan as smear layer removing agent and cavities filled with EndoSequence, group II chitosan as smear layer removing agent and cavities filled with MTA, group III CMC as smear layer removing agent and cavities filled with EndoSequence, group IV CMC as smear layer removing agent and cavities filled with MTA. Materials are allowed to set and after that all the samples were sectioned longitudinally into two halves with the help of hard tissue microtome for the SEM evaluation. The distance between the root-end filling materials and dentinal walls was measured under scanning electron microscope. Kruskal--Wallis and Mann--Whitney U test analyses were used to determine statistical difference between various groups.

RESULTS {#sec1-3}
=======

The SEM examination of root-end-filled teeth showed a mean value of marginal gap of 1.81 μm in group I \[[Figure 1a](#F1){ref-type="fig"}\], 2.60 μm in group II \[[Figure 1b](#F1){ref-type="fig"}\], 1.40 μm in group III \[[Figure 1c](#F1){ref-type="fig"}\], and 2.16 μm in group IV \[[Figure 1d](#F1){ref-type="fig"}\]. The marginal gap between dentinal walls and filling material is less in group III showing statistically significant difference when compared with other groups \[[Table 1](#T1){ref-type="table"}\].

![(a) Chitosan with EndoSequence, (b) Chitosan with MTA, (c) Carboxymethyl chitosan with EndoSequence, (d) Carboxymethyl chitosan with MTA](JCD-19-143-g001){#F1}
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DISCUSSION {#sec1-4}
==========

Endodontic treatment failure necessitates other treatment options such as retreatment, endodontic surgery, and even tooth extraction. Achieving adequate seal prevent microorganisms from reaching apical and periapical tissues. So the success of endodontic treatment or surgery depends on the coronal and apical sealing.\[[@ref3]\]

This study evaluated the marginal adaptation of root-end filling materials such as MTA and EndoSequence. MTA aggregate is composed of tricalcium aluminate, tricalcium silicate, tricalcium oxide, and silicon oxide. It has excellent biocompatibility and good sealing ability.\[[@ref11]\] Torabinejad *et al*. evaluated the sealing ability of super-EBA, amalgam, and intermediate restorative materials with dye leakage methods. The results showed that MTA leaked significantly less when compared to other materials.\[[@ref12]\]

Another root-end filling material used was EndoSequence, which is a bioceramic material. It is available as Premixed syringe form and is composed of zirconium oxide, calcium silicates, tantalum oxide, calcium phosphate monobasic thickening agents, and proprietary fillers.\[[@ref13]\]

Shi *et al*. compared the apical sealing ability of a bioceramic based root canal repair filling material (i Root FS, Innovative BioCeramix Inc, Vancouver, Canada) with that of MTA by means of dye penetration method and found that the samples filled with iRoot FS showed less leakage compared with the samples filled with MTA as root-end filling material.\[[@ref14]\]

In many studies, dye penetration method was used for the assessment of microleakage; however, there are certain limitations for traditional dye leakage methods such as dissolution during the process, and it is also difficult to observe the maximum dye penetration depth.\[[@ref11]\] So in the present study, SEM examination was used to determine the marginal adaptation of root-end filling materials. It should be noted that SEM examination is a suitable method for the assessment of marginal adaptation because of its high magnification and good resolution.\[[@ref1]\]

The results of this study showed that marginal gap was less in samples filled with EndoSequence as root-end filing material when compared with samples filled with MTA with statistically significant difference. This might be due to certain drawbacks of MTA such as difficulty in handling, slow setting reaction that might contribute to leakage, surface disintegration leading to loss of marginal adaptation, and continuity of the material.\[[@ref15]\]

Endosequence is directly applied over the prepared cavity and the by-products formed in the setting reaction of are hydroxyapatite and water. According to the manufacturers of EndoSequence, water formed in this reaction is important in controlling hydration rate and setting reaction of this material.\[[@ref13]\]

Jeevani *et al*. evaluated the sealing ability of MICRO-MEGA Mineral Trioxide Aggregate (MM-MTA), EndoSequence, and biodentine as furcation repair materials using a dye extraction leakage method. They observed that EndoSequence showed less dye absorbance when compared with MM-MTA and biodentine.\[[@ref11]\]

Ghattas *et al*., observed that EndoSequence™ Root Repair material showed sealing ability similar to that of white mineral trioxide when used as a root-end filling material.\[[@ref16]\]

The presence of smear layer may inhibit or significantly delay the penetration of irrigating solutions, sealers, and medicaments into the dentinal tubules.\[[@ref5]\] There is a controversy regarding the presence and removal of smear layer. It is now generally advocated that the smear layer should be removed prior to the root canal obturation to facilitate better adaptation of the filling material to the root canal wall and to improve adhesion.\[[@ref7]\]

Alternate use of EDTA and NaOCL as retro smear layer removing agents may cause periapical inflammatory reactions at surgical site.\[[@ref17]\] Calt *et al*. observed that usage of EDTA for prolonged periods caused excessive tubular and intertubular dentin erosion.\[[@ref18]\] So the use of biocompatible retro smear layer removing agents is essential. Chitosan and CMC are more biocompatible and used as retro smear layer removing agents in this study. Chitosan is natural polysaccharide obtained by the deacetylation of chitin. Chitin and chitosan do not cause any biological hazard and are inexpensive.\[[@ref19]\]

Chitosan exhibits many biological actions such as antimicrobial, wound healing, mucoadhesive, sustained drug releasing property, chelating agent, and also as irrigating solution.\[[@ref20]\] CMC obtained by carboxymethylation of chitosan having good solubility when compared to chitosan.\[[@ref10]\] Irrespective of the type of smear layer removing agent used, when results were observed they showed negligible effect on retro smear layer removal.

CONCLUSION {#sec1-5}
==========

Within the limited scope of this study, it is concluded that irrespective of the type of retrograde smear layer removing agent used, groups filled with EndoSequence showed less marginal gap with statistically significant difference when compared with groups filled MTA as root-end filling material.
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